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Girard’s Reagent for the Isolation of 
Carbonyl Compounds” 
By JOHN D. CAWLEY 


THE term “Girard’s reagent” refers in 
general to a salt of a quaternary ammo- 
nium hydrazide whose function it is to 
form, with carbonyl compounds, hydra- 
zones which are soluble in water and in- 
soluble in nonhydroxylic organic sol- 
vents. Solution of these hydrazones in 
water, and solvent extraction then ena- 
ble a separation from any water-insolu- 
ble contaminants, after which the car- 
bonyl compounds may be regenerated 
and recovered by simple means. 

Girard and Sandulesco (1,2) described 
as most suited to this function either 
(carbohydrazidomethy]) trimethylam- 
monium or (carbohydrazidomethyl)py- 
ridinium chlorides, which have the fol- 
lowing structures: 


5, gee 
[NHz:NHCOCH:2N(CHs)s] Cl, and 


[NH:NHCOCH.NC:H.|’ I~, and are 

known as Reagents T and P, respective- 
ly. Both may be readily prepared (3), 
and both furnish hydrazones rapidly and 
completely with aldehydes and the ma- 
jority of ketones. Reagent T is hygro- 
scopic, and it is best to recrystallize an 
old sample before use; Reagent P re- 
quires no special handling, and may be 
kept for long periods without deteriora- 
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tion. Ketonic hydrazones formed with 
either reagent are quantitatively hydro- 
lyzed by dilute mineral acid, while 
aldehydic hydrazones are essentially 
nonhydrolyzable, so that ketones may be 
separated not only from noncarbonyl 
compounds but also from aldehydes. 


Isolation Process 


The following directions may be gen- 
erally applied: The substance in a con- 
venient amount of alcohol containing 10 
per cent by volume of acetic acid, accu- 
rately measured, is refluxed for one to 
one and one-half hours with a small 
excess of the reagent. After cooling, the 
mixture is poured into sufficient ice and 
water, containing enough sodium car- 
bonate to neutralize nine tenths of the 
acetic acid, so that the final concentra- 
tion of alcohol does not exceed Io per 
cent. After ether extraction, the aqueous 
layer is brought to approximate normal- 
ity with mineral acid, and after standing 
three to four hours, the ketone is recov- 
ered by ether extraction. 

Occasionally, stubborn emulsions are 
encountered during the first extraction, 
in which case Girard and Sandulesco 
then recommend that the alcohol be 
replaced, after the initial reaction, by 
ethylene glycol; a volume equal to that 
of the alcohol is added and the latter 
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distilled off im vacuo. Ether extraction of 
the glycol solution then proceeds very 
cleanly, the addition of carbonate being 
unnecessary. The glycol layer is diluted 
with four volumes of water, and the ke- 
tonic material recovered as above. This 
modification appears to be little used, 
but can be highly recommended, espe- 
cially when working on any considerable 
scale, since the extraction of cumber- 
some amounts of solution is avoided. 

Although either procedure can be 
applied with equal success to mixtures 1n 
which mere traces of ketones are present 
or to those in which ketones are the main 
constituent, the method was developed 
primarily for the former application, and 
it has, therefore, been the procedure 
principally in vogue. Traces of ketonic 
material have been isolated from various 
essential oils and biological materials 
(4,5). The method aided considerably 
the isolation of the cortical hormones 
(6), and in Europe has been applied on 
an industrial scale to the preparation of 
estrone from urine. 

It is evident that, aside from these 
rather specialized uses, the reagent is of 
general value in synthetic chemistry; 
ketonic products may be separated from 
nonketonic starting materials, and car- 
bonyl reagents or by-products removed 
from noncarbonyl products. Scattered 
examples of these applications appear in 
the literature, typical being the estima- 
tion of the amounts of 1,2- and 1,4-addi- 
tion products formed in the reaction of 
various Grignard reagents with an a,6- 
unsaturated ketone (7). 


Other Hydrazone Applications 


Although the hydrazones formed with 
Reagents T and P are, in general, crys- 
talline solids, they are seldom used for 
the identification of carbonyl com- 
pounds, since they are hygroscopic and 
offer no advantages over the more usual 
reagents. They may, of course, serve for 
the water-solubilization of lipid-soluble 
compounds (8). 

The hydrazones derived from Reagent 


T have the property of forming highly 
insoluble salts with mercuric iodide. In 
this way Girard and Sandulesco were 
able to detect the presence of cinnamal- 
dehyde at a concentration of 30 gammas 
per milliliter. Hughes (g) has also de- 
scribed a quantitative procedure for ke- 
tosteroids based on the precipitation of 
the Reagent T hydrazones with mer- 
curic iodide. For these reactions the use 
of pure reagent (3) is advisable. 

Girard and Sandulesco observed that 
the rate of hydrazone formation is a 
function of the structure of the ketone, 
and arranged various types in the follow- 
ing approximate order of decreasing reac- 
tivity: methyl alkyl > alicyclic > methyl 
aryl > di-aryl. An accumulation of sub- 
stituents about the carbonyl group also 
reduces the reaction rate through steric 
effects. No precise data on these observa- 
tions have been assembled, and the pos- 
sibilities of fractionation amongst vari- 
ous ketones can be determined accu- 
rately only by further research. 

Although the fact that the aldehylic 
hydrazones formed with Reagents T and 
P resist hydrolysis may be an advantage 
in certain cases, it would be desirable to 
have a reagent which would permit the 
recovery of aldehydes as well as ketones. 
Allen and Gates (10) have described 
such a compound, N-methyl-s-carbo-hy- 
drazinopyridinium p-toluenesulfonate, 


cunemendl —_ ao 
| Sy —co —NHNH: 
p-CHsCcHsSOs 2 
nA 
| 








Leas See —_ 


Well-crystallized hydrazones, suitable 
for identification purposes, are formed 
with all but a,8-unsaturated carbonyl 
compounds, and these are water-soluble 
and readily decomposed to regenerate 
the original aldehyde or ketone. This 
reagent is not too accessible, but its use- 
fulness suggests that other, simpler com- 
pounds performing its function may be 
found. 
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Evidently the basic principle under- 
lying Girard’s reagent can be applied to 
functions other than the carbonyl group. 
A step in this direction has recently been 
taken by Plattner and Geiger (11), who 
have described the preparation and use 


of the acid chloride of betaine hydro- 
chloride for the solubilization of alcohols 
and amines. As yet, however, it does not 
appear that this method has been placed 
on as broadly applicable a basis as is the 
case with Girard’s reagent. 


References 


(7) Girard and Sandulesco, Helv. Chim. Acta, 19, 
1095 (1936). 

(2) Girard and Sandulesco, French Patent 764, 
464, 18 July, 1934. 

(3) Organic Syntheses, Coll. Vol. II, p. 85, John 
Wiley and Sons, Inc., New York (1943). 

(4) Petit and Tallard, Rev. chim. ind. (Paris), 48, 
226 (1939). . 

(5) Sandulesco and Sabetay, Riechstoff Ind. Kos- 
metik, 12, 161 (1937). 


(6) Reichstein, Helv. Chim. Acta, 19, 29 (1936). 


(7) Smith, Chase, and Rhodes, 7%. 4m. Chem. 
Soc., 66, 1547 (1944). 


(8) Buck and Ardis, tbid., 64, 725 (1942). 
(9) Hughes, 7. Biol. Chem., 140, 21 (1941). 
(7o) Allen and Gates, ¥. Org. Chem., 6, 596 (1941). 


(77) Plattner and Geiger, Helv. Chim. Acta, 28, 
1362 (1945). 


The Oxo Process 


By C. F. H. 


ONE of the most outstanding recent 
developments in aliphatic chemistry 1s 
the production of aldehydes and ketones 
from ethylenic hydrocarbons and water 
gas. This has been called the Oxo process 
in Germany, which is the source of our 
published knowledge on this subject. 

The chemistry involved appears to be 
very simple, consisting in the addition 
of carbon monoxide and hydrogen to the 
hydrocarbon according to the equations: 

RCH =CHR + CO + H2 = RCH:CHRCHO 

2 RCH =CHR + CO + Hz = (RCH2CHR)2CO 
It is stated that, in order to secure alde- 
hydes, it is advantageous to have hydro- 
carbons terminating in =CH, predom- 
inant in the charging stock. 

The products are said to be a mixture 
of straight-chain aliphatic aldehydes and 
ketones, the former predominating. For 
instance, with ethylene, 70% of the 
product is propionaldehyde and 30% 1s 
diethyl ketone. The limits of the reaction 
have not been announced. It is known 
that the product from unsaturated hy- 
drocarbons containing from eleven to 
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seventeen carbon atoms was a_ basic 
starting material in the German program. 

The carbonyl compounds formed in 
the Oxo process can be converted into 
other substances by known chemical 
processes. For example, reduction in the 
presence of a Raney nickel catalyst 
gives the corresponding alcohols. The 
latter can then be sulfated to produce 
the modern detergents. This series of 
reactions was utilized for this purpose in 
Germany, and was probably the main 
reason for developing of the Oxo process. 

The raw materials are water gas and 
unsaturated hydrocarbon fractions; the 
latter, if not available as by-products, 
can be made by a cracking process from 


higher hydrocarbons, e.g., C2o to Cup. 


General Procedure 


The Oxo reaction can be carried out in 
batches or in a continuous-type reactor; 
since development is only beginning, 
many technical difficulties remain to be 
overcome. The pressures used are of the 
order of 150 atmospheres, with tempera- 
tures up to 180°C. After partial conver- 
sion and separation of the oxygenated 
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fraction by distillation, the residue 1s 
made up with new gas and recirculated. 

The catalysts are “standard Fischer- 
Tropsch material,” containing cobalt, 
thoria, and magnesia, and are deposited 
in the form of carbonates on Kieselguhr. 
For use, this material is suspended in 
Diesel oil. A given lot can be reused fifty 
to one hundred times, depending on the 
nature of the hydrocarbon starting mate- 
rial. The catalyst for the Oxo process is 
not sensitive to sulfur, so the removal of 
sulfur-containing compounds from the 


water gas is not necessary. If the car- 
bonyl compounds are later to be reduced 
to alcohols, a purified hydrogen is essen- 
tial, since the catalyst for this reaction 
is sensitive to sulfur. Hence, it is econom- 
ical to purify the entire gas mixture. 
The future possibilities that will result 
from the development of this process are 
very great, and are obvious to anyone 
with even a rudimentary knowledge of 
organic chemistry. An unlimited source 
of aliphatic aldehydes, ketones, and re- 
lated compounds may be anticipated. 
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5672 p-Aminodimethylaniline Oxalate.................... 100 g...$ 4.00 C 
[NH2CeHaN (CHs) 2] (-COOH):. .. MW 362.42 
5704 p-Aminohippuric Acid MP 199-200° dec.............. 100 g... 9.00C 
NH:CéeHsCONHCH:COOH ...MW 178.19 
Or Mammeemie BE 10S 8 wk ok ea ee eee 100 g 6.50 C 
CH3(CHe2)sNHe. .. MW 87.16 
P 5726 iso-Amyl Benzyl Ether (Pract.) BP 103-105°/9mm.... 1 kg. 5.20 E 
(CHs)2CHCH2CH2OCH2CeH:s. .. MW 178.26 
UP Mr RD ee eee eee 10 g 1.70 A 
HOCOCHNH:2CH2COOH. ..MW 133.10 
5698 Bromochloromethane BP 67-68°....................500 g... 6.00D 
BrCH2Cl...MW 129.40 
5216 2-Chloro-5-nitrobenzoic Acid MP 164-166°........... 100 g... 3.00C 
CICsHs(NO2)COOH. ..MW 201.58 : 
5725 3,5-Dimethyl- A‘*tetrahydrophthalic Acid MP-155-157°100 g... 6.00 C 
3,5-(CHs)2CeHe-1,2-(COOH)2. .. MW 166.21 : 
3868 Diphenylmercury MP 124-126°............,........ 10 g... 2.00A 
(CeHs)2Hg...MW 354.81 
P 5702 4-(y-Hydroxypropyl)pyridine (Pract.) MP 26-32° ....500 g... 9.00D 
y eds sesbasdini-ebtseigaddacs aan .. MW 137.18 
| 
P 5699 2-(y-Hydroxypropyl)pyridine (Pract.) 
Oe ooo ne ip bn Sire RGN OO 500 g 9.50 D 
N:C(CH2CH2CH:OH)CH:CHCH 5 ae ..MW 137.18 
l 
P 5680 1-Methylaminoanthraquinone (Pract.) MP 165-169°...500 g... 9.00D 
cana Yaiigitnimgla tad .. MW 237.25 
L 
5724 cis-A‘*Tetrahydrophthalic Anhydride MP 100-102°...100 g... 6.00 C 


CeHs-1,2-(CO)20. ..MW 152.14 








